Single-molecule fluorescence spectroscopy has proven to be instrumental in understanding a wide range of biological phenomena at the nanoscale. Important examples of what this technique can yield to biological sciences are the mechanistic insights on protein-protein and protein-nucleic acid interactions. When interactions of proteins are probed at the single-molecule level, the proteins or their substrates are often immobilized on a glass surface, which allows for a long-term observation. This immobilization scheme may introduce unwanted surface artifacts. Therefore, it is essential to passivate the glass surface to make it inert. Surface coating using polyethylene glycol (PEG) stands out for its high performance in preventing proteins from non-specifically interacting with a glass surface. However, the polymer coating procedure is difficult, due to the complication arising from a series of surface treatments and the stringent requirement that a surface needs to be free of any fluorescent molecules at the end of the procedure. Here, we provide a robust protocol with step-by-step instructions. It covers surface cleaning including piranha etching, surface functionalization with amine groups, and finally PEG coating. To obtain a high density of a PEG layer, we introduce a new strategy of treating the surface with PEG molecules over two rounds, which remarkably improves the quality of passivation. We provide representative results as well as practical advice for each critical step so that anyone can achieve the high quality surface passivation.
Introduction
When performing a single-molecule protein study it is essential to achieve a high quality of surface passivation so that the experiment is free from any surface-induced protein malfunction or denaturation 1, 2 . While a glass surface treated with surfactants, such as bovine serum albumin, is commonly used for single-molecule nucleic acid studies 3 , the degree of its passivation is not high enough for protein studies. A glass surface coated with polymer (polyethylene glycol, PEG) is superior in the passivation performance [4] [5] [6] . Thereby, it has become universally used for singlemolecule protein studies ever since it was introduced to a single-molecule fluorescence study [7] [8] [9] [10] . The polymer coating procedure requires multiple surface treatments 7, 11, 12 . Therefore, it is difficult to follow the whole procedure without detailed instructions. Often the degree of surface passivation varies depending on which protocol is followed. Here we present a robust protocol with step-by-step instructions, which will remove one of the major bottlenecks of single-molecule protein studies. See Figure 1 for overview.
Protocol

Slide Preparation and Cleaning
A microfluidic chamber is composed of a quartz slide and a coverslip. In prism-type total internal reflection fluorescence (TIRF) microscopy, the surface of the quartz slide is imaged. Therefore, it is important to clean a quartz slide thoroughly using H 2 O, acetone, KOH, and piranha solutions. This multi-step cleaning eliminates fluorescent organic molecules on a surface which interfere with single molecule fluorescence measurements. Additionally, the piranha etching makes the quartz surface hydrophilic by generating hydroxyl groups. The free hydroxyl groups are essential for the amino-silanization reaction in Step 3.
1. Drilling quartz slides. Drill a pair of holes into a quartz slide with a 3/4 mm diamond drill bit (Figure 2a) . If multiple channels are desired, drill more pairs of holes (Figure 2b) . These holes are used for injecting solutions into a microfluidic chamber in Step 7.
